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Project.
This report presents the results of a group effort to examine the "human

\ factors" aspects of a current Navy development. The system exmmined is

approaching the laboratory demonstration stage in its development and
therefore could be complemented by the investigations and results. A
representative segment of the laboratory model system was used as the basis
for this project.

Results.

The examination was done in terms of (a) the information to be passed by
the electronic system to the human users and (b) the way by which technicians,
as operators, would make use of the system (controls and displays).

Perhaps the most significant and yet most difficult to quantify are the
results of part (a). Table 1 shows a comparison of the information seen to be
required from the system, as perceived by Navy personnel, with the perceptions
of the system designers. The differences can appear to be slight and vastly
separated at the same time.

Control and display examinations were more to the point and easily

defined. Suggestions and proposals for both areas are made herein.
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Table 1.

Comparison Of User Defined vs. Designer Defined
Information Requirements

Defined By Navy

Defined by System Designers

Information Flow
(Fig. 4, Solid Lines)

Three (3) Hierarchical Levels,
Lowest with two (2) Subdivisions

Commander Requires Status

(System, Subsystem), Estimated

Time to Repair (ETR), Equip-
ment Name

Commander Requires System
Status Defined M1-M4

Command, OPS, and Equip-
ment Level Require Sub-
cs{s(t::n Status Defined

Command and Bquip. Level
Requires Equipment Name
(for Faulty Subsystem)

Commander Requires Supply

System Status for Bquipment
"| tnder Repair

Maintenance md: Supervisory
Technicians Require Test

: j Measurement Information

Information Flow
(Fig. 4, Dashed Lines)

Three (3) Hierarchical Levels,

Excluding Operations Level

Commander and Comm. Officer
Require System Status, ETR

Commander Requires System
Status (Good,Marginal ,Bad)

Commumications Officer
Requires Subsystem
Status (Good, Marginal,
Bad)

Maintenance Requires Bquip-
ment Name (for Faulty Sub-
system)

Maintenance Requires Supply

System Status for Bquipment
Under Repair

Same
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Recammendations.

The project has illustrated to both Navy persomnel and system engineers,
that developmental systems can have some definite benefits from serious human
engineering inputs. A general recammendation is that such inputs be a part of
the development process, and that in the case covered by this report, the
detailed recammendations of Section IV be incorporated.
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I. INTRODUCTION

1. Ba Eound.
a. General.

An electronic, ‘microprocessor-controlled monitoring system is being
developed for the Navy. Its purpose is to provide performance measurement
information to shipboard persannel concerning the operation of a variety of
ship systems (called Base Systems). The information provided is to be used by
maintenance personnel in the testing and repairing of Base Systems equipment,
and by Command personnel in the assessment of Base Systems status (good,
marginal, bad).

The monitor system will be situated in equipment areas, such as the radio
room, aboard ship. It is comprised of two major elements with a suitable
connection link between them. (See Fig. 1). The first element is the Base
system Interface (BSI) which is connected directly to the Base System
equipment and is operated by maintenance technicians in the performance of
test and measurement duties. A variety of BSI units may exist in a given
equipment area, depending upon the variety of equipment types. Each BSI will
monitor all of the equipments of a particular type in any one equipment space.

The BSI is controlled by, and conmmicates test results to, the second
element called the Local Area Terminal (LAT). Control signals and data
signals between the BSI and LAT are carried by the connecting link. There
will normally be one LAT in each equipment area, although an equipment area
could consist of more than one compartment of the ship.

Operators of the Local Area Terminal will either be supervisory

maintenance personnel or maintenance technicians. The LAT is the controlling
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Figure 1.
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element for all of the BSI units connected to it, and it has access to all of
the monitor information about the Base Systems.

The LAT will send status data, derived from the BSI measurement
information, to Command personnel via an undefined system called the Command
Reporting System. (See Fig.2).

b. Laboratory demonstration model.

Commmications equipments have besn chosen as the intial equipments to be
monitored. A test configuration of a monitor system for selected
commmications equipment has been designed and is being developed for
laboratory demonstration purposes. It will consist of two BSI units, of which
one monitors a high frequency (HF) receiver type, and the other monitors an
ultra-high frequency (UHF) transceiver type. Also included in the
demonstration model is a Local Area Terminal. These components of a
Commmications Monitor System and the information they deal with are the

subject areas of this report. (See Fig.3)

2. Purpose of the project.

The purpose of this project is to evaluate the human factors aspects of
the design of a Coomumnications Monitor System. This evaluation consists of
two parts:

a. The types and amounts of information required to provide the status
indication and maintenance measurement functions.

b. The displays and controls to be used by maintenance and supervisory

personnel during the operation of the BSI units and the LAT.

3. Scope of the project.

The Commmnications Monitor System laboratory model will include more
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Figure 2.
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Figure 3.
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equipment than is described above. The description given is that of the
portion chosen as a suitable class project and as such defines the scope of
the project. The points of the evaluation are itemized below:
a. Information requirements.
(1) Status (cammand) )
(2) Maintenance (technicians) |
b. Controls and displays.
(1) Local Area Terminal (supervisory technicians)
(2) Base Systems Interface for HF receivers (technicians)

(3) Base System Interface for UHF transceivers (technicians) ?-

II. PROCEDURE

1. User requirements study.

Investigations were made into the requirements for information about
commmications systems by shipboard personnel. Interviews were conducted with
active Navy personnel of both Command and Maintenance types. Documents which
indicate information requirements were studied. These are maintenance
check-off lists for technicians and operational procedures documents for
commanders. Interviews and discussions were held with the monitor system
designers to determine concepts of user requirements to which the system was
originally designed. The results of these two investigations were cospared
for differences affecting the operation or configuration of the monitor
system. Consideration was given to the manner in which the system should be
operated, and to the types of personnel who would be operators.

The results of the investigations, cosparisons,and examinations are
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described and tabulated in Section III. A development of the effort which

concerns the automatic production of certain maintenance and logistics forms
is included as Appendix A.

2. Control and display evaluation.

a. General.

Each of the BSI units included in this project (HF receiver and UHF
transceiver) has an operator control panel design which will be used in the
laboratory model. The two completed designs were evaluated against
MIL-STD-1472B and other human factors design publications. The evaluation
studies were performed with consideration of the manner in which the monitor
system is intended to be operated, as determined during investigations of
paragraph 1 of this Section. The LAT operator control panel was designed new
for this project using the same information and publications as used for the
BSI control panel evaluations. The results of the evaluations and design,
including diagrams of the control panels are given in paragraph 2 of Section
III.

b. Procedure for Evaluating and Designing Controls and Displays.

The basic procedure used to evaluate and design the controls and displays

was as follows:

1. Determine the information flow and information display
requirements based on the results of the user requirements study.

2. Establish the functions to be performed by the operators and by
the equipment at each position.

3. Determine the actions to be taken and the controls to be used by
the operators.
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4. Determine the characteristics of the plamned operators.

5. Establish the operating environment (1lighting, background noise,
etc) for the equipment.

6. Review military standards on human engineering design criteria and
technical books on human factors design criteria related to the design of the
controls and displays.

7. Design the controls and displays for LAT.

8. Prepare check-off lists for comparing the designs with documented
standards, and complete the lists by evaluating the designs against each
criterion on the list. Revise the design if appropriate.

9. Establish operating procedures for using the displays and
controls, and evaluate the compatibility of the designs with these procedures
in terms of providing a controls and displays layout that provides for
efficient operation with a minimal probability of error.

The procedure did not include experiments. Recommendations about the
possible use of experiments are provided in Section IV.

ITI. RESULTS

1. User requirements study.

a. General.
The user requirements (types and amounts of information) investigated were
of two general classifications:
~as perceived by potential system users (Navy Command and Technician
personnel)
~-as perceived by original system designers.

Data were gathered by interviews with a small number of personnel from active

R N a0




duty Navy and from personnel engaged in design and demonstration of the
Monitor System. The determinations made and reported here are subject to much
refinement because of the presence of opinion and conjecture.

The general flow of information with regard to .cmmications equipment is
shown in Figure 4, ‘solid lines. This flow passes through three defined
hierarchical levels (Ref.5), ultimately arriving at the Commanding Officer
(CO). A summary of user requirements has been presented in Table 1 on the
Summary page, and is repeated here.

b. Command requirements.

Information required at the Command level regarding commmications spans a
wider range of detail than thought by the designers of the monitor system.

The requirement for information is a function of the operability of the
cammmications system. As the operability decreases, the need for detailed
information increases,culminating in an abiding interest in the estimated time
to repair, status of the supply system (for the particular repair), and the
name of the equipment at fault. Designers had considered that system status
(good, marginal, bad) and estimated time to restore were good and sufficient
information. Additionally, the requirement for logistics and supply
information extends into Command levels to an extent not considered by
original designers. More detailed information is presented on this subject in
Appendix A.

The highest level of refined information (system status) required by
Command is defined as Ml through M4, in descending order of system
operability. The characteristics which define each of the levels are
presented as a flow diagram, Figure S. Requirements for lower level
information develop when the above status indications show degradation of
capabilities. The lower levels of information are discussed in the following

paragraphs.
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Figure 4.

Hierarchical Information Flow
For Commumnications Systems.
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Table 1.

Comparison Of User Defined vs. Designer Defined
Information Requirements

Defined By Navy

Defined by System Designers

Information Flow
(Fig. 4, Solid Lines)

Three (3) Hierarchical Levels,
Lowest with two (2) Subdivisions

Comander Requires Status
(System, Subsystem), Estimated
Time to Repair (EIR), Bquip-
ment Name

Commander Requires System
Status Defined M1-M4

3 Command, OPS, and Equip-
ment Level Require Sub-
system Status Defined
Cl-c4

S

Comnand and Bquip. Level
Requires Bquipment Name
(for Faulty Subsystem)

Commander Requires Supply
System Status for Bquipment
. Under Repair

Maintenance and Supervisory
Technicians Require Test
Measurement Information

Information Flow
(Fig. 4, Dashed Lines)

Three (3) Hierarchical Levels,
Excluding Operations Level

Commander and Commn. Officer
Require System Status, ETR

Commander Requires System
Status (Good,Marginal,Bad)

Communications Officer
Requires Subsystem
Status (Good, Marginal,
Bad)

Maintenance Requires Bquip-
ment Name (for Faulty Sub-
system)

Maintenance Requires Supplv

System Status for Bquipment
Under Repair

Same
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Figure 5.

' Ml-=M4 Decision Flow Diagram
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Figure S (cont.)
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¢. Operations requirements. 4

The Operations level is an intermediate level more related to Command than |
to Maintenance. Original designers of the monitoring system had not
considered the level directly; rather, they had supposed the technician's
watch supervisors (thought to be Communications Officers) to be an
intermediate level for the flow of information. Reference 6 shows that while
the idea is correct, the essentials are missing and the flow is from
Commmications Officer to Operations Officer to Commanding Officer (Fig. 4).
The Communications Officer is a member of the first level (equipment level).

The highest level of system status information required at the Operations
level (Operations Officer) is defined as C1 through C4. Each major equipment
grouwp will have a definitive set of considerations which indicate the level of
operability (C1 - C4) for the equipment group. Thus, HF commmications will %
have one, Satellite commmications (SATCOM) will have another, UHF
commmnications will have still another, and so forth. The monitor system
under study herein has BSI units for HF and UHF commmications, and the
criteria for establishing conditions C1 - C4 for them is classified, but can ?
be found in COMNAVSURFPACINST 3501.3, Readiness Reporting Guide (Ref. 12).

d. Maintenance requirements.

The maintenance level (equipment level) is the lowest level in the
hierarchy and requires the most detailed technical information.
Technicians are required to perform a variety of measurements, usually on a
periodic basis, which are designed to ensure equipment operability. The
system in use is the Planned Maintenance System (PMS) and the information
required by technicians is delineated by Maintenance Requirement Cards (MRC)
(Ref. S). An example MRC is reproduced as Figure 6. This card is one of a
group related to PMS on HF receivers and indicates three tests which are

14
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Figure 6.

Maintenance Requirement Card for
HF Receiver Sensitivity Test

eP eveTin SUBSvETEM
Combat c-193  w-} ! ;
svaem L e e - ]
AN/SRC-20,20A RM3 0.4
Radio Set

1. Test operate radio set.

TOTAL Mrte
0.4

1. Porces afloat comply with Navy Safety SLAPSED Tes
Precautions for Forces Afloat, OPNAVINST 5100 0.4
series.

[TOOS, Fadve MATIRALS TEUT BOUPENT

1. Handset

2. Oummy Load, DA-412/U (SCAT
4683)

3. Test cable, RG-213/U with
type C male connector on
one end and type N male
conpector on other end

[PnocTouRE
Prelisinary
a. Set RF Amplifier AM-1565/URC switches and controls: —
(1) TEST KEY to OFF
(2) EXCITATION to AUTO
{3) LOCAL-REMOTE to LOCAL
(4) RF POWER OUTPUT to HIGH
(S) POMER to POWER
b. Set AN/URC-9( ) switches and controls:
(1) CHAN SEL to REMOTE PRESET
(2) MODE to TONE
(3) SQUELCH to OFF
(4) Power to ON
(S) DIMMER fully clockwise
c. Set Radio Set Control C-3866/SRC switches and controls:
(1) EMERGENCY POWER to POWER
(2) LOCAL-REMOTE to LOCAL ]
d. Disconnect antenna cable from RF amplifier ANT jack.
e. Connect dummy load to RF amplifier ANT jack.
f. Connect handset to AN/URC-9.

[ =~

1. Test Operate Radio Set.
a. Momentarily press RADIO SET POWER START button; POWER —
indicators on radio set control, RF amplifier and AN/URC-

9( ) should light; EMERGENCY POWER indicator lamp om

radio set control should light. n
b. Allow a S-minute warmup. *
c. Set AN/URC-9( ) METER switch successively to the =
following positions: meter should indicate NORMAL at each
position. -1
(1) +325v H
(2) +125v
- ux:ﬁm —-"—‘“
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performed by the technician. The test made by the BSI effectively makes the
three tests in one measurement, under controlled conditions, called "noise
figure test." This measurement is also displayed as '"receiver sensitivity."

e. Monitor system operators.

The LAT and BSI units of the monitor system will be operated by
technicians from maintenance divisions (ET rate, electronic technician). The
BSI will be operated by ET2 or ET3 level personnel, and the LAT, a supervisory
position, will be operated by ET1 or ETC. The refined information, status,
estimated time to repair, supply status, etc., will be forwarded to the
Command Reporting System. The Commmications Officer or Electronics Material
Officer, as an organizational supervisor, is likely to make use of the LAT in
the case of a less than perfect system status indication (C2 through C4). The
Operations or Combat System Officer and the Commanding Officer, which
represent the next two higher levels of information flow, will be primary

users of the Command Reporting System (CRS).

2. Control and display design.

a. LAT design.
The basic functions performed at the LAT are:

(1) Acquire and maintain information on the status of all BSI units
comected to it.

(2) Assign tasks for maintenance of these BSI units and supervise
the task performance.

(3) Report status information to Command personnel.
Performance of the functions requires the campletion of various tasks, some of
which will be accomplished by equipment and others by personnel. The design
for the LAT controls and displays depends on which tasks will be allocated to

16
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operators and which to equipment. This allocation is based upon a
consideration of which types of things are done best by people and which by
machines, and is a major input to the system design. The system design will
determine the man-to-man, man-to-machine, and machine-to-machine interfaces.
A block diagram showing these interfaces for the monitoring system is provided
in Figure 7. The specific tasks to be performed at the LAT are listed in
Table 2.

A design for the LAT controls and displays has been completed. The design
consists of a cathode-ray-tube (CRT) display device and an eight-button
function key control device. These are shown in Figure 8. Design of the
keyboard for alphanumeric entry of information about supply status,
operational capabilities (Fig. S), or problems associated with repairing
equipment is beyond the scope of this project.

The specific control actions that the LAT operator would need to take were
determined and grouped into ten sets of eight or fewer actions per set. This
grouping enables the control devices to be a simple bank of eight function
keys. These keys will be positioned directly below a CRT that will display
the LAT information. The CRT display is divided into three areas as shown in
Figure 8. The functions to be performed when the operator presses a function
key will depend on the selected function key action set. The LAT action set
display shown in Figure 8 is divided into eight sections located directly
above the eight keys. Each section indicates the function which will be
performed when the corresponding key is pressed. The formats for this display
are shown in Figure 9. The top portion of the CRT display shows the current
overall status of the Base System equipment and the current status of the
monitoring system. These displays provide a quick overview of the current

situation and are continually updated to present the most current

17
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Figure 7.

Block Diagram of Monitor
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Table 2.
LAT Task Allocation

No

Task Description

Allocated To

L 4

Initiate tests to obtain
BSI unit status data and
data on the performance of
the monitor system

Establish the rate of per-
iodical automatic status
testing

Direct BSI Station Bquipment
to perform unit testing

Receive BSI unit status
Information from BSIs

Maintain records of BSI
unit status data

Determine what testing to
perform in special situations

Provide information to the
operator for evaluation and
decision making

Provide status information
to command personnel

a) Equipment, to accamplish
sutomatically when first
starting the monitor action
and periodically thereafter

b) Operator, to accomplish
needed due to a
particular situation

Operator

Bquipment
Bquipment
Bquipment
Operator

Bquipment

a) Equipment, for information
received from BSIs or
entered into storage
by keyboard

b) Operator, for evaluations
and estimates not part

of stored data

S L e

R T St




Table 2. (cont.)

~p fr o -r j
9 | Respond to directions from Operator
command personnel
10| Keep informed about BSI unit Operator
status to enable making
maintenance decisions
11} Direct maintenance persomnel Operator »
to perform specific tasks (
12{ Obtain and evaluate informal Operator
information from maintenance ;
personnel i
13} Supervise performance of ' Operator i

maintenance personnel




Figure 8.
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LAT Action Set Displays
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Performance Checks on Monitor System Operation

LAT BSI 1 BSI 1 BSI 2 BSI 2 BSI 3 BSI 3
SELF INTER | SELF INTRR | SELF INTRR SELF
Change Time For Periodic Unit Testing
NORMAL | BSI 1 BSI 1 BSI 2 BSI 2 BSI 3 BSI 3
PERIOD | 30 MIN | 1 HR 30 MIN | 1 HR 30MIN| 1 HR
Initiate BSI 1 R-1051 Tests
R-1051 ]| R-1051 } R-1051 | R-1051 | R-1051 | R-1051 | R-1051
(1) (2) (3) 4) (5) (6) (7)
Initiate BSI 2 SRC-20(N) Tests
ALL ALL RCWR POWRR | MODU- VSWR
SRC-20 TESTS | SENS OUTPUT | LATION
Obtain Summaiy Status Displays
ALL PROBLEM UPDATE | LOCKED | HARD
UNITS UNITS NEEDED | OUT CoPY
Obtain BSI Unit Test Reports
BSI 1 BSI 2 BSI 3 HARD
UNITS UNITS UNITS CoPY

o o T T P SIS




i
1
]
i
i
i

information. They are presented at the top of the display area and separated
fram the other display information so that they will stand out, since they
alert the LAT operator to situations which may need his special attentionm.
None of the alerts were so time critical as to warrant the use of flashing
lights or audio signals. A proposed format for this display is shown in
Figure 10. The group at the left of this display shows the most critical
factors about the monitored equipment. The overall condition code (C1, C2,
C3, C4) indicates the level of capability of the monitored equipment. The
other two status items are simply the number of Base Bquipment units that are
experiencing problems (failures, no status information available, etc.) and
the number of units for which updated status information is needed shortly or
the units will be considered problem units. The group at the right of the
display indicates whether the different monitor system performance areas are
0K or BAD. These indicators were chosen rather than others such as GO and
NO-GO which would infer that the indicated status pertains to the ships
operational condition. The status indicated by OK or BAD is simply whether
the monitor system is operating correctly, not whether the operational
equipment is operating correctly.

Descriptions of other displays that will be presented to the operator are
provided in Appendix B.

b. BSI (R-10S1).

The existing design for the BSI (R-1051) control panel (Figure 11) has
been evaluated. Several changes are suggested in order to improve the design
from the human factors aspect. The changes are shown in Figure 12, and are
discussed below:
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(1) Remove the TALK, LISTEN, and SRQ display lights since they do not
present information pertinent to the operation of the panel or results of the
testing. |

(2) Relocate the ENABLE, LOCKOUT toggle switches to the top of the panel
so that the operator's hand does not obstruct his view of these switches while
he is selecting the unit to be tested. This relocation places the indication
of whether or not testing of a unit is ""locked out" near the status light for

t that unit. If the operator inadvertently attempts to test a "locked out" unit
and sees no indiction of the test results on the status light, he will easily
i notice that testing is "locked out'".

: (3) Keep the functional grouping of control and displays, but clearly i
F indicate the functional boundaries and provide more precise labels for the _'
functional areas. ]

(4) Provide a number label for each toggle switch and status light to

indicate with which receiver they are associated. Furthermore, although it
camnot be done on the panel, the operator must be provided with information to
b determine which actual physical unit corresponds to receiver number 1, 2, 3,
etc.

‘2 (5) Place labels indicating particular tests to be performed on the test
control pushbuttons where possible.

(6) Provide standardization among BSIs of control and display
positioning.

(7) Provide 1.25" instead of 1.00" separation between the centers of the
toggle switches, status indicator lights and unit selector push buttons. This
will reduce the risk of inadvertently bumping and possibly actuating an
adjacent control. The separation distances are slightly above the recommended
minimms in McCormick (Ref. 7), Figure 11-14.

'




(8) Specify that toggle switches are 1/8 inch wide at the tip, 0.7 inches
long and require a displacement of 50 degrees and force of 20 oz to operate,
pushbuttons are 0.5 inches square and require a displacement of 3/16 inch and
a force of 20 oz to activate. These characteristics meet the requirements of
McCormick (Ref. 7) Appendix B, Table B-2.

(9) Place the POWER ON indicator light to the left of the power on/off
switch so that it is not associated with the SELF TEST pushbutton.

(10) Specify that status lights are three-color; red for failure, yellow
for pass but marginal, and green for good, and that the lights are 3/8 inch in
diameter.

(11) Reduce abbreviations to a minimum and use abbreviations in accordance
with MIL-STD-12C.

The use and lighting conditions which are relevant to the panel design are
listed below:

(1) The panel will be in a standard equipment rack in a shipboard
equipment area.

(2) Operators will be trained maintenance technicians meeting physical
and mental requirements for Navy enlisted personnel.

(3) The mid-point of the panel will be between 44 and 54 inches from the
floor.

(4) Operators may be required to write test results’ numerical values on
blank forms. Therefore, the measured values, such as power output, will be
displayed for at least 15 seconds. When a test is inadvertently attempted on
a unit that has testing locked out, the test result readout will be of the
form '"NO. 3 LOCKED OUT" so feedback to the operator is always provided.

(S) Operators will operate thé panel from a distance no greater than am's
reach (approximately 20 inches).

28

SN A Y BT e TR A




(8) The normal sequence of operations is as follows:
Set the toggle switches to ENABLE or LOCKOUT testing.

b.

Room 1lighting will be the normal shipboard equipment area white
lights., Panel illumination will be above 1 ft-L.
(7) Panel surfaces will have a flat finish to reduce glare.

Perform "self test" and "interface test." Check the readout

after each test.

c.
d.
e.

f.

Select the test(s) to be performed (BSI SRC-20 only).
Select the unit(s) to be tested.
Check the unit status (status lights).

If the status light does not light, check the toggle switch

setting to see if testing of that unit has been locked out.

g.

If the status light is not green, record the reported value on

the appropriate form.

h.

If more than one test and/or more than one unit has been

selected, repeat items e, f, and g.

i.

When additional testing is required, repeat items c through h.

Specific characteristics of the test results readout are as follows:

(1) The readout will be constructed from ten Hewlett-Packard four-

character solid state alphanumeric display components. These components will

be arranged to provide two rows of 20 characters as shown in Figure 12. The

characters are formed with a 5 by 7 dot matrix using light-emitting diodes

(LED's).

(2) The width and height of capital letters and mmbers are 0.105 and

0.146 inches respectively except for the letter I and number 1. I and 1 are
both 0.063 by 0.146 inches.
(3) The color of the characters is red.




(4) Additional informatiom, including the configuration of all 128
characters, is provided in Appendix C. This readout has been operated and
informally evaluated by various subjects. Their subjective feelings are that
the characters are very readable at the distances occurring in normal
operation. When asked to estimate the height of the characters,most subjects
reply with a value of approximately 1/4 inch rather than the actual height
(0.146 inches). Also, the sample readout shown in Figure 12 is actual size
and these characters seem to be quite readable from 20 inches. Furthermore,
the character heights meet the requirement of 0.090 inches for a viewing
distance of 20 inches or less, with an illumination level above 1 ft-L as
specified in MIL-STD-1472B, paragraph 5.5.5.13. Experiments could be
conducted relatively easily and would determine if the readouts are indeed
acceptable. It is suggested that a group of 15 to 20 subjects be tested to

determine the accuracy with which the readout can be read at 20 and at 30

inches. An error would consist of perceiving a wrong unit number, measured
parametér (modulation etc.), or reported value (24 dB, etc.). A criterion of
acceptable percentage of errors would have to be established based on the
criticality of making an error. If the results prove to be inconclusive,
further testing could be performed.

c. BSI (SRC-20).

The existing design for the BSI (SRC-20) control panel, presented in
Figure 13, has been evaluated. As with the other BSI control panel, several
changes are suggested. The changes are incorporated into the proposed panel
design shown in Figure 14. Most of the changes are the same as those proposed
for the BSI (R-1051). The use and lighting conditions for both BSI's will be

the same, and the proposed designs are nearly the same.
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There are three differences in the designs. First, the test results
readout will be one row with 32 characters, and it will display the measured
value of a given parameter for a specific unit. Second, there are only §
different units to be tested. The third difference results from the fact that
the operator can elect to run any combination (or all) of four different tests
on a specific unit or on all units. This capability is provided by adding a
set of pushbuttons to select the test(s) as shown in Figure 14, and by
including a pushbutton to select all umits.

The layouts of the controls and displays for the proposed designs of both
BSI panels are based on the sequence of operations described in paragraph
2.b BSI (R-1051). The primary considerations for the layouts are to arrange
controls and displays to:

(1) Minimize the lengths of links that are most frequently used by
considering the normal operational sequence.

(2) Minimize the interference between operating the controls and viewing
the displays.

(3) Maximize the standardization of panel layouts.

(4) Group controls and displays according to functions.

(5) Maximize simplicity of the layout.

The panel labeling is shown in actual size in Figures 12 and 14. The
minimum character height is 0.12 inches, and as stated in paragraph III 2.b,
the panel illumination will be above 1 ft-L. This size meets the requirements
as specified in MIL-STD-1472B, Table X for noncritical identification
labels. To assure that the other requirements of MIL-STD-1472B have been met
by the controls and displays of the LAT and both BSI's, a check-off list has
been completed. This list is shown in Appendix D. For the most part,
abbreviations have been avoided in both the panel labeling and display
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readout. The abbreviations used are listed below, and are in accordance with
MIL-STD-12C (applicable pages shown in Appendix E).

Labels RCWR for receiver
SENS for sensitivity
VSWR for voltage standing wave ratio

Readout NO for number

Display FIG for figure

Some other abreviations may be used for parameter units, such as dB for
decibel or uwv for microvolt, but these will always be standard technical
abbreviations. All abbreviations will be campletely defined in users’ manuals

and training materials.

IV. CONCLUSIONS AND RBCOMMENDATIONS

1. Conclusions.

a. User requirements.

The requirements for system status and technical information by the
various organizational levels of Navy ship's crews are established by official
instruction, operational activity (mission), operational readiness, individual
preferences, and other factors. Each of these usually interacts with some or
all of the others, as indicated in Section III.

Some of the information is defined in detail, some is highly technical and
some extremely tedious. The proposed Shipboard Monitoring System appears to
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have a potentially significant role in the stremmlining of informstion flow
and the relief of some of the tedium.
b. Controls and displays.

Two operator control panels (for BSI units) were evaluated for human
factors and a third was designed for the first time (LAT). The evaluated
units were found to have a few undesirable aspects and were redesigned with
improvements. The LAT control panel design is proposed to the system
designers to be included in their laboratory model of the monitoring system.

2. Recommendations.

a. User requirements study.

The large variability of the kinds and distribution of system status
information, as suggested above, indicates a need for system designers to
incorporate a thorough investigation into the subject. The needs of the Navy
shipboard organization are documented, and the personnel are willing to
indicate problems and areas of difficulty in existing systems.

It is recammended that the designers of the Shipboard Monitoring System:

(1) Research the subject of information flow, as suggested in this
report, to clarify their concepts of the utilization of such systems.

(2) Identify existing systems which will be impacted by the
development of such a system (e.g. NAVRFORSTAT, PMS, etc.) for the purposes of
solving old problems and avoiding the creating of new problems for shipboard
personnel.

b. Controls and displays.

The redesigned BSI control panels, and the proposed design for the LAT
control panel have been described in Section III, paragraph 2. The
recommendation is that the system designers use these panels for their
laboratory model.
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As continued investigation into the human factors of the Shipboard
Monitoring System design, three types of experiments and testing of components
are suggested:

(1) Readout devices (BSI).

Several types of alphanumeric readout devices are available which would

perform the required display function for the BSI. Among these are umits
using the following listed technologies:

(a) 1light emitting diodes (LED)

(b) plasma discharge displays

(c) 1liquid crystal

(d) vacum fluorescent
Because some of these techmologies have been introduced recently and are still
being developed and changed, useful human factors information which could be
used in the selection of a particular display unit for the BSI is not readily
available. For this reason a series of tests should be conducted to aid in
this selection process using subjects which match characteristics of potential
users. Candidate display units should be selected and operated in
enviromments which approximate those in which the various BSI units will be
operating aboard ship. Tests should then be conducted to determine if a
single display type can be selected to function optimally in all anticipated
enviroments. In addition, special tests may be required to fully evaluate
each display type. For example, Riley (Ref. 13) reports that multiple imaging
as a function of vibration and refresh rates can occur. No investigation or

testing was done on this subject, but such effort is recommended because of




known vibration problems aboard Navy ships.
(2) Variable function keys (LAT).

Operator entry to the LAT is by means of the eight button function key
control device shown in Figure 8. The function of a particular key is
determined and controlled by the LAT as a function of system operation.
Labels for the function keys are located immediately above the buttons on the
CRT display device. Tests should be conducted to:

(a) evaluate the use of variable function keys vs a much larger number of
dedicated function keys.

(b) determine the optimum location and orientation of the function keys
relative to the location of the labels on the CRT device.

(c) determine the optimm location and character font for the key labels
for avoiding confusion with other LAT display information.

(3) System level testing and evaluation.

Testing and evaluation (T and E) of the monitor system will consist of the
following parts:

(a) Laboratory testing and redesign of breadboard unit by design engineers

(b) Shipboard testing of advanced development model conducted by system
designers with assistance of ship's personnel

(c) Shipboard testing of engineering development model conducted by Navy
testing organization (OPTEVFOR). Each stage of testing must be concerned with
testing, evaluating, and optimizing human factors aspects of the design and

application of the monitor system, in order to ensure a suitable development.
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APPENDIX A

User Requirements.

The typical Commanding Officer of a U. S. Navy ship wants to know as much

as possible about the status of his ship even though he may not ultimately
understand or "need to know' all the information he requests. This is partly
because he is completely responsible for the ship, its equipment, and the
lives of all personnel on board, and partly because of the inquisitiveness of
the human being. However, the information required by Command level
personnel, such as the Commanding Officer and Department Heads, differs in
content and format fram that required by shipboard maintenance personnel.

The maintenance information initially comes from the BSI and is directly
usable only in conjunction with the applicable MRC (Maintenance Requirement
Card) and Technical Manual. This data need only go as far as the
LAT with the provision that it be stored for a specified period of time.
Additional data must be already stored in the LAT in the form of subroutines
or can be key entered by the operator. The amount of information presented at
the CRS (Command Reporting System) is subject to close scruitiny, for if the
system does not circumvent today's cammunications problems within the ship's
chain of command it is useless at best. Since the informetion at the
BSI and LAT is already delineated, it remains only to look at the CRS
organization for information content.

The information presented and gathered should be, if possible, mostly from
reporting systems that already exist. This is possible because the Navy has
well-Jdefined information systems in use and it remains only to automate this

information, since it is familiar to everyone in the chain of command.

The information needed at the highest levels of Command and Control is
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presented in the NAVFORSTAT CASREP System and PMS/MDS Systems. The Casualty
Report (CASREP) is the expeditious means of reporting the status of a ship
experiencing a diminished combat readiness posture. It serves to advise the
operational chain of command of personnel and/or equipment/material conditions
limiting operational readiness and also alerts logistical commands to the
situation. CASREPS are not a substitute for, but are in addition to, and
complement the 3-M (PMS and MDS) data. Because of the timeliness of CASREP
information it is used in conjunction with NAVFORSTAT data to evaluate the
combat readiness of Naval forces. It further alerts maintenance and material
managers to significant problems and thus not only initiates the actions
necessary to resolve the immediate casualty but also promotes detailed
analysis of 3-M and related data in an effort to prevent recurrence. Regular
3-M reports are required even though CASREPS have been sulmitted. Since a
CASREP reports only the casualty status of equipment/material, it is not a
substitute for reporting in the NAVRORSTAT system. CASREPS are coded using
the readiness rating codes of C2, C3, and C4 which have as a basis the mission
area M, M2, M3, and M4 ratings in the NAVFORSTAT. The 2-Kilo (Figure A-1)
and 1250 (Figure A-2) forms are also tied into this system. The ship's
maintenance action form (2-Kilo) is utilized as a request and documentation
form for ship's force or shore based maintenance. The 1250 document lists
information required to requisition a part from the supply system.

All of these reporting/documentation systems utilize the same basic
information and therefore lend themselves to use in the Command Reporting
Systenm.

The first level of reporting comes from the "M' readiness ratings of the
NAVFORSTAT. This details the overall readiness according to a general
breakdown of ship mission areas. Command Control and Commmications (OCC)
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covers the entire spectrum of equipment and is adequate for initial
reporting. The criteria for determining the rating-are found in Figure 5.
Additional criteria are classified but can be found as referenced in Table

A-l. Information key-entered and retrieved from storage at the LAT, Table
A-2, can be used to print out documents 2-Kilo, 1250 and CASREP messsges with
minimum operator interface. Subroutines can be developed to provide this
information by the use of a simple matrix, LAT operator interface and the
maintenance information generated at the BSI, Table A-3. This level of
information is of little consequence to Command and it is used for indication
of equipment performance and proper selection of the PMS (Planned Maintenance
System) MRC (Maintenance Requirement Card) and technical manual for trouble-
shooting the inoperative equipment.




Table A-1
Command Reporting System Data

1.0 Mission Area Status (Ref. 6, Ref. 12)
1.1 Mission Area Subsystem Status (Ref. 6, Ref. 12)
1.2 Capability Degraded, That Subsystem
1.3 Bquipment Degraded
1.4 Bstimated Time to Repair
1.5 Parts Status (if required)

Table A-2
Local Area Terminal Data

2.0 Data keyed by operator and/or retrieved from storage to fill out OPNAV
4790/2-K Fig A-1, NAVSUP form 1250 Fig. A-2, and CASREP Message (Classfied)

Table A-3
Base System Interface Data

R-1051

3.0 Noise Figure
SRC-20

4.0 VSWR

4.1 Output Power

4.2 Modulation

4.3 Receiver Sensitivity




Appendix B

The center area of the LAT CRT will display various tables which provide
status information. This information may be general or detailed, and refer to
the overall status of the equipment or a specific parameter of a particular
wit. The displays must provide operators with information that is meaningful |
and helpful for performing their tasks. Figures B-1 through B-5 show a first i

cut at the display designs.

Operators will be provided with training and manuals to assist them in
reading these displays. However, care has been taken to make the displays as
clear and direct as possible. It is expected that same LATs will control three

BSIs and so the designs make provisions for a third BSI. The actual tables ?

presented at a LAT will only show BSIs that are controlled by that IAT.
The test report for units monitored by BSI 2 is shown in Figure B-5.
Similar test reports will be provided for the units monitored by other BSIs.
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HEWLETT A3, PACKARD : 1

- coupgsms ALPHANUMERIC | "2
- DISPLAY o

TECHNICAL DATA APRIL 1978

Features
* INTEGRATED SHIFT REGISTERS WITH
CONSTANT CURRENT DRIVERS

o CERAMIC 7.62 mm (.3 in.) DIP
Integrat Red Glass Contrast Filter

* WIDE VIEWING ANGLE

* ® END STACKABLE 4 CHARACTER PACKAGE
i * PIN ECONOMY

12 Pins for 4 Characters
* TTL COMPATIBLE
® S5x7 LED MATRIX DISPLAYS FULL ASCHI
CODE
* RUGGED, LONG OPERATING LIFE
e CATEGORIZED FOR LUMINOUS INTENSITY

Assures Ease of Package to
Package Brightness Matching

Description

The HP HDSP-2000 display is a 3.8mm (0.15 inch) 5x7 LED array for display of alphanumeric information. The device is
| available in 4 character clusters and is packaged in a 12-pin duai-in-line type package. An on-board SIPO (serial-in-
parallel-out) 7 bit shift register associated with each digit controls constant current LED row drivers. Full character display
is achieved by external column strobing. The constant current LED drivers are externally programmabie and typically
capable of sinking 13.5mA peak per diode. Applications include interactive I/0 terminals, point of sale equipment, portable
telecommunications gear, and hand held equipment requiring aiphanumeric displays.

Package Dimensions
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; Absolute Maximum Ratings

Supply Voltage V.. to Ground .......... ~0.5V to 6.0V Storage Temperature Range, T. ..... -55°C to +100°C
Inputs, DataOutand Vs ................ -0.5V to V., Maximum Aliowable Package Dissipation
Column Input Voitage, Vi . ......... -0.5V to +6.0V MTA=25°C" ™™ e 1.70 Watts
Free Air Operating Temperature ' Maximum Solder Temperature 1.58mm (.063")
Range, T/% ... . ... ... -20°C to +70°C Below Seating Plane t<5secs ............... 260°C
Recommended Operating Conditions
Purasnoter Symbol M. Nowm. Mex. Units )
Supply Vollage Voo 4.78 8.0 §.28 v
Data Out Current, Low State ™ 18 mA
Dete Out Current, HighState lon -0.8 A%
Column Input Vohege, Column On Veas 28 Vee v ’
Setup Time L 70 45 ne
Hold Time [ 30 0 ne
Width of Clock L 7 n
Clock Frequency feimet 0 3 MHz
Clock Transition Time tom 200 ns
Freo Air Operating Temperature Range Ta ~20 70 *C

Electrical Characteristics Over Operating Temperature Range

(Unless otherwise specified.)
Osscription Symbol | Test Conditione Min. | Typ' | Mex. | Unis i
Vie = 5.28v = 45 ® mA {
Supply Current o he Veoxn = Voaia = 24V Vi = 04V i
AW &” -
Logical 1 Va= 2.4V n [ ] mA
Voo = Vo = 5.25V 1
Column Current st sy Column Input oo All SR Stages = Logicel 1 Ve=0.4V 18 mA ;
Column Current at any Column input o Ve=24V 33 @0 A f.
Posk Luminous inteneity per LEDI! Vit = SOV, Vo, = 3.5V i
(Character Aversge) berak | 7 aoCih  vgezdv 05 | 200 wod :
Ve, Clock or Data Input Threshold High 20 v
ve. Von__J Voo = Vo, = 475V {
Ve, Clock or Data Input Threshold Low Vu : 08 v '
: lnput Current Logical ¢ Vs, Clock hin - - 20 80 uA ]
: Deta In ™ Vee = 8.25V, Viy = 2.4V 0 e A i
ool input Current Logics! 0 Vs, Clock by -800 | -800 »A i
il Osta In ™ Voo =5.28V, V), = 0.4V 250 400 A t
0 Vol Vou Voo = 475V, lox = =0.5mA, Vi = OV 24 34 v 3
Out Vou Voo = 4.75V, Iy = 1.6MA, Vo = OV 0.2 04 v i
. Ve = :
g Power Dissipation Per Packege Po 16 LEDS on per characier, Ve = 2.4V 008 w f
Pesk Wavelength Artax 058 fm {
Dominant Wevelength'* Ad 830 nm §
*Al typical valuss specified ot V¢« = 5.0V and T, - 25°C uniess otherwise noted. )
**Power @ie por 90 with ¢ ilh
NOTES: 1 M. 15 with the devics in & 30Ckel having a thermal resistance from ping to ambwnt of 35*C/watt. E
2 The device shuuld be dersted lmuvly above 25°C st 16mW/C (see Electrical Descriplion on page 3)
3 The are gornized for L y with the y gory o by a letter code on the bottom of the E
pachage .
4. 7, refers 10 the initiel case temperature of the device immediately prior 1o Ihe ght measurement 3
S Dominant wavelength A, 18 denved from the CIE y diagram_ and rep the single gth which det the color .
of the device 4
. W o 1) fromV,, V, V., 525 Voits. 20 LEDs on per character !
7. The lurmnous stearance of the LED may be calcuiated using the following relstionships H

L (Lun) | (Candela)/A (Metre)
[%:4 ) Al (€ VA (Faot}
A $53210°M 58210 (ton)
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Figure 1. Switching Characteristics. (Vec = 8V,
. Ta * <20°C t0 +70°C)

"‘Mechanical and

Thermal Considerations

The HDSP-2000 is available in a standard 12 lead ceramic-
glass dual in-line package. It is designed for plugging into
DIP sockets or soldering into PC boards. The packages
may be horizontally or vertically stacked for character
arrays of any desired size.

The -2000 can be operated over a wide range of
temperature and supply voitages. Full power operation at
Ta = 26°C (Voo = Vn = Ve, = 5.25V) is possible by
providing a total thermal resistance from the seating plane
of the pins to ambient of 35° C/W/cluster maximum. For
operation above T, = 25°C, the maximum device
dissipation should be derated above 25°C at 16mwW/~C
(see Figure 2). Power derating can be achieved by either
decreasing V.o. or decreasing the average drive current
through puise width modulation of Vs.

The -2000 display has an integral contrast enhancement
filter in the glass lens. Additional front panel contrast
filters may by desirable in most actual display applica-
tions. Some suggested filters are Panelgraphic Ruby Red
60, SGL Homalite H100-1605 and Plexiglass 2423.
Hewlett-Packard Application Note 964 treats this subject
in greater detail.

Post solder cleamng may b sccomphished using walor,
Freon/alcoho! mixiures formulated for vapor cleaning
processing (up to 2 minutes in vapors at boiling) or
Freon/alcohol mixtures formulated for room tempersture
cleaning. Suggested solvents: Freon TF, Freon TE,
Genesolv DI-15, Genesolv DE-15.

Electrical Description

The HDSP-2000 four character aiphanumeric display has
been designed to aliow the user maximum flexibility in
interface electronics design. Each four character dispiay
module features Data in and Data Out termingls arrayed
for easy PC board interconnection such that dispiay
strings of up to 80 digits may be driven from a single
character generator. Data Out reprasents the output of the
Tth bit of digit number 4 shift register. Shift register
clocking occurs on the high to low transition of the Clock
input. The like columns of each character in a display
cluster are tied to a single pin. Figure 5 is the block
diagram for the HOSP-2000. High true data in the shift
register enables the output current mirror driver stage
associated with each row of LEDs in the 5x7 diode array.

The refarence current for the current mirror is generated
from the output voitage of the Vu input buffer applied
across the resistor R. The TTL compatible V, input may
either be tied to Vcc for maximumdisplay intensity or pulse
width modulated to achieve intensity control and
reduction in power consumption.

The normal mode of operation is depicted in the block
diagram of Figure 6. In this circuit, binary input data for
digit 4, column 1 is decoded by the 7 line output ROM and
then loaded into the 7 on board shift register iocations 1
through 7 through a paratiel-in-serial-out shift register.
Column 1 data for digits 3, 2and 1is similarly defoded and
shifted into the display shift register locations. The
column 1 input is now enabled for an appropriate period of
time, T. A similar process is repeated for columns 2, 3, 4
and 5. If the time necessary to decode and load data into
the shift register is t, then with 5 columns, each column of
the display is operating at a duty factor of:
T
D.F. = 5(t4T)
The time frame, t + T, alictied to each column of the
display is generally chosen to provide the maximum duty
factor consistent with the minimum refresh rate necessary
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Figure 2. Maximum Allowsble Power Figure 3. Relative Luminous infensity Figure 4. Posk Column Current
Dissipetion vs. Temperature. ve. Temperature. vs. Column Volage.




to achieve a flicker free dispiay. For most strobed dispigy it the device is operated at 3.0 MHz clock rate maximum, it
systenis, each column of the display should be refreshed is possible to maintain t € T. For short display strings, the

(turned on) at & minimum rate of 100 times per second. duty factor will then approach 20%. For longer display
With § columns 10 be addressed, this refresh rate then  3fings operation at column duty factors of less than 10%
gives a value for the time t + T of: will still provide adequate display intensity in most

applications. For further applications information, refer to
/18 X (100)) = 2 msec. HP Application Note 966, Application Bulletin No. 51 and

Application Bulletin No. 55.
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" 5%7 DOT MATRIX
. ALPHANUMERIC| s-200 ~
' DISPLAY SYSTEM)| ws.2n -

Features

o COMPLETE ALPHANUMERIC DISPLAY SYSTEM
UTILIZING THE HDSP-2000 DISPLAY

o CHOICE OF 64, 128, OR USER DEFINED ASCIl
CHARACTER SET

o CHOICE OF 16, 24, 32, or 40 ELEMENT
DISPLAY PANEL

e MULTIPLE DATA ENTRY FORMATS —
Left, Right, RAM, or Block Entry

¢ EDITING FEATURES THAT INCLUDE CURSOR,
BACKSPACE, FORWARDSPACE, INSERT,
DELETE, AND CLEAR

e DATA OUTPUT CAPABILITY
e SINGLE 5.0 VOLT POWER SUPPLY
o TTL COMPATIBLE

e EASILY INTERFACED TO A KEYBOARD OR
A MICROPROCESSOR

Description

The HDSP-24XX seriés of alphanumeric display systems
provides the user with a completely supported 5 x 7 dot
matrix display panel. These products free the user's
system from display maintenance and minimize the
interaction normally required for alphanumeric dispiays.
Each alphanumeric display system is composed of two
component parts:

1. An alphanumeric display controlier which consists ofa
preprogrammed microprocessor plus associated logic,
which provides decode, memory, and drive signals
necessary to properly interface a user's system to an
HDSP-2000 display. In addition to these basic display
support operations, the controller accepts data in any
of four data entry formats and incorporates several
powerful editing routines.

2. A display panel which consists of HDSP-2000 displays
matched for luminous intensity and mountedona P.C.
board designed to have low thermal resistance.

These alphanumeric display systems are attractive for
applications such as data entry terminals, instrumen-
tation, electronic typewriters, and other products which
require an easy to use 5 x 7 dot matrix aiphanumeric
display system.

PART NUMBER DESCRIPTION

Display Boards

HDSP-2416 Single-ine 16 character display panel
utiizing the HDSP-2000 display

HDSP-2424 Single-line 24 cheracter display penel
' utilizing the HDSP-2000 display

HDSP-2432 Singleine 32 character display penel
: utiiizing the HOSP-2000 displsy

HDSP-2440 Single-ine 40 character: dijeplay panel
utilizing the HDSP-2000 display

Controller Boards

HOSP-2470 HDSP-2000 display intertace incorporating
a 64 character ASCII decoder

HDSP-2471 HDSP-2000 display intertace incorponting
& 128 character ASCli decoder

HDSP-2472 HDSP-2000 display interface without
ASCIi decoder. instead, a 24 pin socket
ls provided 10 acoept & custom 126 char-
acter sot from a user programmed 1K x 8
PROM.

When ordering, specify one each of the Controlier Bosrd and the
Display Board for each complete system.
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HDSP-2416/-2424/-2432/-2440

Recommended
Absolute Maximum Ratings Operating Conditions
Supply Voltage Vcc to Ground .......... -0.5V to 8.0V Parameter Symbol |Min.[Norm.JMex.] Unite
inputs, DataOutand Vg ............... -0.5V to Vcc Supply Voltage vec |475] so [s2s] v
Column Input Voitage, Vcor  ......... -0.5V to +6.0V Column Input
Free Air Operating Temperature Vdttage, Column On| Vco. | 26 v
Range, Tal™ ... ... ... 0°C to +55°C T 701 4
Storage Temperature Range, Ts -55°C to 1100°C Sot.up ime Iserue S o
) T Hold Time twop |30 O ns
Width of Clock twicLock)l 75 ns
Clock Frequency fctock | O 3 |MHz
Clock Transition
Time tTHL 200[ ms
Free Air Operating!'}
Temperature Range Ta 0 §8 | °C
Electrical Characteristics Over Operating Temperature Range
(Unless otherwise specified)
Parameter Symbol | Min. | Typ.* | Max. | Units Conditions
Supply Current 45n 6onl2l | mA |Vce = 5.25Vv Vg = 0.4V
lcc VcLOCK=VDATA=2.4V
73n 95n mA |A)l SR Stages = Ve = 2.4V
Logical 1
lcoL 1.5n mA JVcc = VcoL = 5.25V Vg = 0.4V
All SR Stages =
Column Current at any Column Input Logical 1
IcoL 335n 410n | mA Ve = 2.4V
Peak Luminous intensity per LED Vee = 5.0V, VeoL = 3.5V
(Character Average) lveeax | 105 | 200 ucd |Tj=25°C13I, vg = 2.4V
Ve.Clock or Data input Threshold High| Vin 20 -V
Vee = Voo = 4.75V
Ve, Clock or Data input Threshoid Low| Vi 08 v
t Ve, Clock [
input Current Logical 1 s, Cloc I 80 uA Vee = 5.25V, Vi = 2.4V
Data in Y] 40 uA
t Current , Cl | o -
nput Cu Logical 0 Ve, Clock i 500 800 uA Vee = 5.25V, ViL = 0.4V
Data In I -250 -400 sA
Power Dissipation Per Board!4! Po 0.66n W |vee =50V, veoL = 2.8V
15 LED's on per Character,
Vg = 2.4V

*All typical values specified at Vcc = 5.0V and Ta = 25°C unless otherwise noted.

NOTES:
1. Operation above 55°C (70°C MAX) may be achieved by the use of forced air (150 {pm normal to component side of
HDSP-247X controller board at sea level).
2. n = number of HDSP-2000 packages
HDSP-2418 n=4
HDSP-2424 n=6
HDSP-2432 n=8
HDSP-2440 n =10
3 ’I’l refers to initial case temperature immediately prior to the light measurement.
4. Power dissipation with all characters illuminated.
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it D7 is a logic low when the DATA N lines are read, the tspace: to 5F1¢ ()| and ignores all ASCIl characters
controlier will interpret De-Do as standard ASCit data to be outside this subset with the exception of those characters
stored, decoded and displayed. The system accepts seven defined as display commands. These display commands 1
bit ASCli for ail three versions. However, the HDSP-2470  are shown in Figure 5. Displayed character sets for the i
system displays only the 64 character subset {2016 HDSP-2470/-2471 systems are shown in Figure 6. 3

DATA WORD: o, D‘ Dg 0, 0, O, 0‘ Dy

ASCHASSIGNMENT [0 A A A A A A A|  DPPLAY COMMAND

e -
F 0 0 0 v 0 1 0 CLEAR ght Entry - ;
. 8s 0o 0 0 v 0 0 0 BACKSPACE CURSOR Mode Vaain i

HY 0 0 0 ¥ 0 0 FORWARDSPACE CURSOR i .

us 0 0 v v 1 11 INSERT CHARACTER ;3

DEL PR TR TR TR T T OELETE CHARACTER i
[

Figure S. Display Commands for the HDSP-2470/-2471/-2472 Alphanumeric Display Controller.

128 CHARACTER ASCIt SET
(HDSP-2471)

64 CHARACTER ASCII SUBSET o
{HOSP-2470) .

Oy
Q's Oe S} SUR N S
Joslozion o.l caviel” 7 Y

-
- [ ] [}
-
-]

OO

(111}

ot

"
b———-

1"e

*DISPLAY COMMANDS WHEN USED IN LEFT ENTRY
+DISPLAY COMMANDS WHEN USED IN RIGHT ENTRY

Figure 8. Display Font for the HD$P-2470 (64 Character ASCII Subset), and HDSP-2471 (128 Character ASCN Set
P . ( ) ( ) Alphanumeric
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Appendix D

This appendix provides a list (Table D-1) for checking the design
characteristics against human engineering design criteria set forth in
MIL-STD-1472B. The list is only partially complete. This report does not
provide all the details of the system design and therefore it cannot provide
for a complete evaluation of the design against MIL-STD-1472B. It is the
intent of this appendix to illustrate how the list has been used for
evaluating the design features described in this report, and how it will be
used to evaluate the other design characteristics as they are established. A
check (v) on the list indicates compliance, a O indicates a discrepancy, and an
NA indicates not applicable. The first page of the list goes through
MIL-STD-1472B paragraph by paragraph as would be done before acceptance of the
overall design. The second page selects paragraphs that pertain to design

features included in this report.

58




7, SRR R [ Ot T SR A b B b R iRt

gy o e A 0 S B e e s

. '
e e

i

Kl
-t

=

)

o

!
1
- e

S e e i it e e
e 3 .
1]

- e e et < e -

) O

j :‘Z , .

'
{
i
\

*
!

———

.

: - g :..
PN
el
. .- -

PR »_»»A...ab‘.y.v-..muu..%.-mmw&-.u, T T

,‘rmu D~\ ? MlL-S'i"b,- \475.6_; Cuttx-orr ’Lz\n (g.'g \.,1g')

NS

! '
i ' - t

MIL 5 STD-14728
PA«.AG‘RAN& '

LATT

-

HEASER &

_B‘SI‘f

. MiL- STD~ 14728,

PARAGRAPN-

salt
5.!.{\.2

nun
=
N

Mo

NNN_N

-
)
- -
- e -
-

-— o=
.

M_aw

.
SRR AR,

N.NN nn

'

-— ey e
[ A 4
o . —e

WYV wwww ®
I\

VA VvV uun
PN

4 -
D oy e
& =~ -y

L e® o e

nwwv
Rt
Awop

L
‘e

LY I N

Y IRV
AR

- -

»
X I N o

e T T4

NN N PN I e

- - ..

N
3
.4
s|
.6,
i

'\Vl:h.;dp—'

i
i

e —

%
v
v
v
vl
MA
NA’ )
Vi
NA
_NA
NA
CNA

VSR

R s

AL

<

NA |
NA |
_NA :
NA s

PR
o

J

‘V' LU A»o'

i
!

9

‘ AD:M“VT‘

‘59"

LRI e

.‘sz)
‘8813‘

szowh_

.52}2 12

.9.2 2 t.}‘__g__

""7-2 1;. P

4 o ; -
S.2.0.27.
S;a.:\.t.e
5.2.).3,

P [V, .

S,Z.\o’
S, 2._ ’}.
S L 3 l

3. 4
as 1.

. ..r-_g-,u-j.-
§.2.).3.2._

s e.3.8 i-_i.'_._"
. s 2.,:1030” l

.
A

S. Z.l 3.0
S. 2,'. N

5, 2,1.5. l?.

e

Lo

s. e ' ‘ i_'j-.--
S tqa 'o‘ i .-

[EORS SEES U R

LTS RS

srzzt‘013'
I 2

_-L

T
szz.nc‘f

S.zzn?

922,'

1

-5 ®
—.‘ — —r—l-.__ — ..

;.a 2 1. '
sz.t.’. h

_v..:....., . -._.4 T

e <+t
.

5., '.H.

(\\ Tht BSI (S!r.-eo) ViES' A BROTTeMm =Te <Top . snot»scw«u
POR . nsesnno LHE TERT AwD VWY . Tas

! Euswawc THE  STATLL
Yo' &m.nst‘ »'ruewcd'r\itu Msr\-k!'
-n. Tat ‘;wm.u.r (rn. PM.
v f maxshas 15 B&ST

A% oewte).

SLER Pt

wu]me‘ '

;.d ..}:AR. 4

.Awm._.x...x-- |
O PLAY LIGNTS WM, ‘rlov.'orcamoa\* 1 ;

MENYS.

g




)

.2gr¢

s - 1 B

0N, THE UL,

R TR I A it i & R S T P
St D B R R AR TN N A S | i ;

' RN i !
I R rﬁ(h Lo NI L I
«14“#4 1W TN JIM. . ' .4. RN

i

N .
‘ .

b
e

o oo
i ST
m'.l'.

—.
R D SO S
P e i

..m i [ 3

prmep .ﬁ...iwoi..m‘.. .u..|... !.M!'q
. i ' h

- 1]
!4.11«.1.1.

‘ ‘:u

SRS SRR SRS S ins ST SN, S SR IU ST
4 i . — ooy }J«-.’- ~—p 4 : S ge——

v

T S AT I
SR I'W}TWIY.I:«T W s v oo
. ' C . . .

t

i
LR s S X
‘. .

“ _
H - 3
a2 i 2 .

e ARERS | ., F2 g Ty i
- : R T R el S R R B S BT Bt e
~ = i Py i P U T S oyt ' ol ") e g P { B i
% A - :1A A < < < < < & < A.ll .w.!owi e — m‘“ < R T ..:1+. -“!. —-— .mrlo .- ...ll..’u“ -

S o|S 2222222222 PR S UL UL A S S S S
. . : ' . e, ! ” ~ (Y] e ‘ . . A

S : s H ! 1 ' . ! : * a S 3 o . '
— 2 WOl IR SRR SRRt
, .p)l S < SRR SN U S RSN Y ————— R O A Y I S SUSURRES - 3 W
h n U \2)- o \ N ') “ £ R I - 2 :
P H P v e St .m;,. .Ml...l.w. w..z. ’o.‘ ‘.Q-Y.I.'nq’_ lu“l — ol Bl A LY w v m——— - e - : e . - —
S ' W vd gV o -1 ~ L T L M‘ o
D N - - ry \A. ! hd - * ¢ ot n. t . -
m.-- - M (L SR 5.—%.%.‘..‘.‘ T - M. “ “ M_n i —— ﬂm -
U O B O e S S Y S S R st .
“ . 4 M N 5. (PP ¥ -5. 5. n——-- T - 3 B2 e &N S
“ - mo. Inin A v a0 N\, !l.m SN W M ) “ “lq...ﬁ C e wuum -
: R i _ . » ) : “
Q. - ———— e .. — [ . .
e - ; ..W!.h.w&-“i-..} S S B2

B ! . - “ “ ‘.l . m ot e o .. ’ mm -~ .-
7 : e e - e — - R R C R IR _— — § u. ST - - ———— = - - - P
T A [ 3083 o dMSNNSNNNVNYNNT L e a T T RE
u.l A i R it et M 2 .c R et - - =Y
: : - y R N
a . . 1
.<\.. - - AAV.AAAV.V,.:V..A"AAA”AAAi. - Mwnrr oo
C .. | 223222233 32322222 :mn oy
A . " o iy = s
z- oy e B 3 .

. ———— PSR - - - ——— o —— ) —— waes — - £ F 5 ” . - - - - -
e H...h.- — e e Tl i e % % i e e 8 o b
- Y ; _ N N~ ~vTw = 2 2 £ <o " o v e T T
‘- ¢ < SR o o U * ' - 4a L £V : :

: AN ~ ==y~ T3 ¢ T R AR -

R I P RN S e T 2L TTTTTTIY
. P e g > - - egerng— -~ o o= ®.s @ e . o__ g v - bt .. N .o A .f. . o .... . d oo e ll,.oll,f..v.m.iu{-.}'f —— e mie. see
M R 1 it N B LR - E TR
-t . - ——me 8 Wl L. e Wb S e e - e S e - 4 - A FETEY S Y P
g |ZE eV eV Se T ddwadiy P T |

- e I S ekl I S N T oy

i ...lii.i . “ , - " , ,-J.:..J 'MI..J(I.AI'P!: t CINv.il e b coumtme o e
e e et g et e ey : -t h : : : ! _ ...I ! l.._..l‘ . N i : ) .
' H I A T M A T B

e meemmb ‘ ! ' ' E i L. D S S N




Appendix E

MILI~STD-12C, Abbreviations for Use on
Drawings, Specifications, Standards and in Technical Documents

(excerpts)
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TERM ABSREVIATION

radio direction
fioding cecesescscscecess RDF

radio frequency .........RF

of radistion............. RASER
radio-frequency choke .... RFC
radio-frequency

interferente ............ RFI
radio interference

field intensity .......... RIF1
radio operator «.......... RAD OPR
radio teletypewriter ...... RTTY
radioactive ......ce0..... RAACT
radicactive

liguid waste ............ RALW
Sradiographic

inspection cc.occeeoee... RAD INSP
radiological....c0cave.... RADL
radiclogical

defens®......ccc00000... RADDEF
radiological

WArfATe ..cccccaveenseeo. RADWAR
FadiuB .ccccoccersccnscoss RAD
Orall ccccecccsscncassess R
railing ...c.ece000eeeee. RLG
rallway c.ccecevcececccs. RY
rainwater

conACLOT. cocensesceeecc RWC
*raised .c.cccccc00eccess. RSD
raised face diameter. ..... RFD
raised face height......... RFH
random access

discrete address
System...c.ec000000.... RADAS
range height

indicator .....c000000... RHI
range light ......c0000... RALT
range marks ......cc00... RM
range rate indicator ...... RRI

i

i

rapid rectilinear ......... RR
®ratchet

2080080000000 00800 an
IFXEEREERENENR RN R NRR FN ] RT
[ AR AN R R NY] Rc
9000009000000 00 MT
[ A XN XN YT NE NN RN N Rm
[ AN A NN YN NR XN NN .nm
materfal .....ec00... RM

¥

L

raser
ric

rfi

rifi
rad opr

raact
ralw

rad insp
radl

raddef
RADWAR

rig
ry
rwc
rad
d

rmj
rndm

e FECCIVEL ..ccccvecscoscns

MIL-STD-12C
5 JUNE W8

TERM ASSREVIATION

raw tape write

submodule ......ccc00... RTWB
TAW Water ....cce00000000 RW
rawhide .¢...co0vveeeae.. RWHD
TAYOR ..covcencacccsacnss RYN
rayon (insul) ....e0eeneess RA
FeACIANCC . occcccsereness s REAC
reaction ccocvvcvecccves. . RCTN
reactive factor

MELEr .cccvcevssecnsess RIM
reactive voit-

ampere meter .......... RVA
reactOr .....ceeress..... REAC
reactor compartment ..... RC .
TEACtOr COre ..vucesseceee RCO
read.....c.cc0c000ccveee. RD
read-write (head)......... R-W
reader.......ccc0..+..... RDR
reader common

comact....ccce00ceesees RCC
reader tape

contact ....cc00000.0.0. RTC
readiness ............... RDNS
reading......cccccevc0.0. RDNG
readout......c00c000.0... RDOUT
readout and relay......... R/R
ready ...c.cc00veeevecc.s RDY
ready service ......vce... RS
real and not-

corrected

input data ..eve00v0..... RANCID
realtime «......cc0c0000. RT
real-time input-

output transducer ....... RIOT
rear connection .......... RC
FeAr VieW.......00000000.. RV
*reassemble .............. REASSEM
rebabbit .......ccc0000... RBBT
recalculated ............. RECALC
recall ......co000000000:.. RCL
receive .....cccecc0..00. RCY
receive-only tape

perlontor..............nm
*received. . .oo0o.s

rwhd
rym
reac
retn
reactwt
rfm
rva
reac
re

rco

rd
r-w

ree
rdns
rdng
r/r

rs

rancid

riot

transmitter ....cccc00.. RT
receiving ....ccciceveeeeec RCVG
®receptacle ....cc0nc000e.. RCPT
®reception ......ccccc00.. RCPTN
TECEBS .cccvvcscooscsseces REC
recessed ............-..REC
recharger .......++...... RECHRG
reciprocating «....ce0es0 . RECIP




MiL-$TD-12C
15 JUNE 1888

TERM ABBREVIATION

SENBE cccccccsscenceces SEN sen
sonse amplifier ....cc0c0 SA sa
gensitive cceoceecenoonee

-8l ssesccsssveee

cOMrol coveccsecceceer S8STC ste
sensitized .....occ0...0 SNTZD snted
sensitized material

print ccceceveccccsceee SMP smp
sensitizing ............ SNTZG sotzg
SENBOT covecavscscscesss SNSR snsy
SeParate ....ccceeeveeee SEP- sep
SEPATAOr cccevccescsces SEP sep
SEQUENCe ...ccovcnvesss SEQ seq
sequence check ......... SEQ CHK seqchk
sequential coding ....... SECO seco

gerial ccceeevccosecesss SER ser
serial number .......... SERNO serno
SErie8 ..ccrccvnscncessss SER ser
*geries relay ..cceoeve00oe SRLY srly
8Errate c.ccesecsccscese SERR serr
serrated cococcvrcsccccee serr
* gervice svce

service bulletin c..c.c000
service ceiling ¢<....... SRVCLG srvcig
service fuel oil ......... SFO sfo
service 8ink ...ccc0cceee S8 88
gervice, sort and

MEFEe cescccorecsecs. SESAME sesame
serving cccccevevecseces SERG serg
BEIVO ccccvcscracssccss SVO svo
servomechanism ,....... SERVO servo
SErvVOmOtOr ..ocvecesoes SVMTR svmtr
® BELSCIreW covescecvscesess SSCR sscr
Setter ..cvcevecvcsscsn-- SETR setr
setting .c.ccocvvseeecees SET set
sgettling ............... SETIG setlg
seven conductor......... 1/C /e
BEWAFC..covvcoevscesees SEW sew
SEWEr ...cccccevscvssss SEW sew
sexless (conductor) ..... SXL sxl ,
sextant .....ccco0vee0s. SXTN sxtn
shackle ......c00000e0se SH sh
Shaft cececvcesvocscnccnse SFT sit
shaft alley ......c...... SA sa
shaft center ...c..cco0ee SC sc
shaft extension ¢........ SFT EXT sft ext
shaft gear ., ............ SHFTGR shftgr
shaft horsepower ....... SHP shp
shakeproof ............ SHPRF shprf
Shank ..cececcococecess SHK shk
'W secessvevssssvene SHP .m
shaped charge .......... SC sc
ShAre ..ccccesscvercecs SH sh
sharpener .............. SHRP shrp
shear plate ......c0v.e0 SP sp

*Abbreviation changed

TERW

.m IFXEXEXEXE SN N R X R ]
sheathing..ccece0cccscee
ShEGAVE ccevvoscscosssssne
'm [EXXXEXXEXER RN X 3 J
‘m ssensececsensse
mu (XXX EXXETE R RN RN 4
shell destroying «cccceee
W (XXX XEKXEE N N RN J
.M.“ IXEXXEXEXE R R RN 2 J
shield .

{electron device) ......
shielding ccccecececcece
'm...l..-‘......l'.l.
shift r‘ml' sessscsesene
ship class cccceveccecase

ship cOUrse ..ceoccccese
.Mpdm [ XXX R RN N
Ship Draft Indicating

s’.t.m esesssrecsssens
ship draft indicator

transmitter ..cccccovee
Ship Inertial

Navigational System....
ship parts

control center veececceos
ship service ccevcececens
ship service

turbo generator cec.ceee
shipspeed ..ccececncces
ship status ..cccovececss
shipboard ....cccececes
shipboard allowance

BBt ceccecesenrscscscce
shipfitter ..ccccececcces
shipment ...cccccecacee
shipping .ccccceccccssee
shipping container ......
shock absorber .ceccceee
shoemaker ...co0svsccee
shop mibsile assembly

and maintenance® c......
shop Order scoeocccccsse
*ghore connection .ccceeee
shore terminal box .....
.m“nu esesessssssese
short circuit ..ococvcces
short-circuit ratio «co.ee
short leaf yellow

pim 00s0s0cscesrsense
short range

““"m [ EXERE RN NN X N3
short 81d@ cccvovecccncee
short takeoff and

M'n‘ 2080008080080
lMﬂllP.l‘ sseccsnseoese

SFTR
SHPNG
SHCR
SH ABS
SHMKR
SMSA
80

SH CONN
SHORT
SCR
sLYP
SHORAN

STOL
STPR




i voltage
i voltage adjusting
rheostat

MIL-STD-12C
% JUNE 1988

very high frequency

omnidirectional and

radlorange ............ VOR
very long range .......... VLR
very low altitude ......... VLA
very low frequency ...... VLF
very short takeoff and

landing ....cco000c00... VSTOL
vestibule ................ VEST
vestigal sideband......... VB
vestigal sideband

modulation .....cc00.... VEM
vibrate.........cccvuee.. VIB
vibration ......cc000c.... VIB
Vickers hardness ........ VH
video amplifier .......... VIDAMP
syideo frequency .......... VIDF
video integration ......... VINT
viscometer ........cc.... VISMR
viscostty .......c.0ocec... VISC
viscosity index .......... VI
visible ..........cccc.... VSBL
®yisual aural radio range... VARR
visual flight rules ........ VFR
visual identification ...... VISID
vital load center ......... VLC
vitriffed clay ............ VC
vitrified clay tile......... VCT
VYOIC® .c.ccvcvvvecncecees VO
voice actuated trans-

mitter keyer

1ANibItOr . .c.vv0eeeeee.. ANTIVOX
volce eoll.....cco0ceees.. VC
voice frequency .......... VF
voice-operated device

for automatic

transmission ........... VODAT
volce operated

transmitter keyer....... VOX
voicetube ........co00000 VT
YO .ccievtvacncacecsces VD
volt, altermating

CUITEM .ovevvverseesee. VAC
voit, direct current ...... VDC
volt chm milliammeter.... VOM

essessesssssnesses V

sescsesescesssss VADJR
voltage control transfer... VCT
voltage controlled

sAbbreviation changed

ASBREVIATION

TERM

voltage detector.......... VDET

voltage regulator......... VR

r

vir sy relay......o...... VRLY
via '—vsa%ﬁn_(nn

it ‘ PR t.oieaoiaszniaa.. VEWR

voltammeter ............ VAM
ved voltmeter .....cev000ece0 VM

volume .......cc00000... VOL
vib volume indicator.......... VI
vidb volume of compartment ... VC
vh volumeunit.......cce00.. VU
vid volumetric.....c.ce0c.... VLMTRC
volute ........ esessssass VLT
vidd syulcanize...........c.... VULC
SWAfEr ...cccevvssscccsses WFR
vil WagON ..cceevccccceass.. WAG
vio wagon boxX ....eceecccce.. WB
vismr walngeot ..cccccoecccscee WA
waiting ...cccvvcvnceses. WIG
vi swake light .. seceeses WK LT
vabl wallboard ...cccce00eeee. WLB
vis wall hydrant .....c..c...0 WH
varr wall receptacle .....c.... WR
wallvent......cc000vceee. WV
walseal ....ccc0v0c00eee0 WLSL

visid

vic Wangan ...ccevscvenecc. WAN
it wardrobe ....cce0cc0e.... WRB
ve Wardroom .....sese0cc.0.. WR
vet warehouse ...ccecoceeceee. WHSE
vo warhead .....ccc0000.... WARHD
WArming ....cseceeeecees WM

ANTI VOX
ve WArramy..ccceoccocsscses WARR
vi wash bucket .....cccc0.0. WB
wash fountain ...cececevee WF
Wasghburn and Moen
Gage ....ococvcccccecsss WEM GA
SWaASher ...ccccecceaccess. WSHR
vOoXx washing ......ccce000ee0. WSHG
vt Washroom....cceceeevesee WR
vd | 1 (R ' J
waste Pipe ..c.cccoccvncac. WP
Vac waste stack ..
Vdce water ...eee0
vom water chiller .....ccc.... WCHR
v water cloget ....ccv00sees WC
water-cooled ............ WCLD
vadjr water heater ......cccc.. WH
vet water jacket ....coc00000 e WJ
water line .....co0000000. WL
veco water meter ....occeceees WM

6l
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MIL-STD-12C

15 JUNE 1968
ABBREVIATION
NITSTL nitst] .....
NL CHG ol chg .....
NL LT allt ......
NLG nlg........
NLNR alnr ......
NLT alt........
NM 7 WO
NM [ 1
NM am........
NMAG nMag......

NO

NOG
NOL
NOM
NOMAD

NOMEN
NONFLMB
NONSTD
NONSYN
NOP
NORM
NORM
NOSC
NOZ

NP

NP

NP

NP

NPA
NPET
NPL

NPN

NPRN
NPS
NPSC

NPSF

NPSH
NPSL
NPSM
NPT

NPTF
NPTR

not .......

noM.......
nomad.....

nomen ....
nonflmb, ...
nonstd.....
nonsyn ....
norm .....
norm .....
NOBC ......
NOZ .ovenns
NP .......
npet.......
npl........

NPSC.....
NPSF.....

npsh......
NPSL.....
npsm.....
NPT......

nptf ......
NPTR ....

| ) SPIPRNPIS
| ) PRI

TERM

nitride steel
neck

nickel
normal

normal lube ofl tank
noise meter
nonmetallic

nuclear magnetron
nonmagnetic

numbering

normal overload

nominal

naval oceanographic
meteorological
automatic device

nomenclature

nonflammable

nonstandard

nonsynchronous

number of passes

normal

normalize

nonoscillating

nozzle

National pipe

nickel plated

nonprocurable

nonpropelled

normal pressure angle

nonpetroleum

nameplate

negative-positive-
negative (transistor)

neoprene

Navy Primary Standards

straight thread (pipe
couplings)

thread for press tight
joints

and nipples

locknut pipe thread

joints

National taper pipe
(thread)

tight joints

taper pipe thread
(railing fixtures)

nonreactive (relay)

nuclear reactor

65

circult contacts

ABBREVIATION
NRD nrd.......0
NRVSBL arvebl .....
NS NS L.eanees
Ns u..'......
NS [
NSS NSS .......
NT | | N
NT | SP
NTC [ 7 T
NTN mMh...ooees
NTP 7. SN
NTPL ntpl s.eeene
NTS [ S,
NTS nMs ...oe.ne
NTWK mwk....o..
NTWT ntwt c..e000
NUC NUC..connee
NUM nm.......
NVR | '/ PN
NWG NWG ......
NWT awt..coc.es
NYL nyl........
O0TOO Ot0O covee
O&R olr.......
oLs ods.......
Oo/M o/Meceenes
o/p O/P cevenes
OAO OAO ......
OBE obe ....ess
OoBJ OB cocnene
OBJV obJ¥.caenne
OBL Oblecieanes
OBRNR obrar .....
OBS ob8 .coceee
oBs m [ A XA R XX ]
OBSTN obstn .....
“w M......
mv m essotea
“w ”'O....l
m “ oed0s o

neutron

normal temperature and
pressure

nut piste

negative torque signal

not to scale

network

net weight

nuclear

numeral

numerical

no voltage release

National Wire Gage

nonwatertight

nylon

out to out

overhaul and repair

otherwise spectified

outside of metal

ozalid print

over-all

orbiting astronomical
observatory

oxygen breathing
apparatus

outerback end
object
objective
oblique

oil burner
observe
cbsolete
cbetruction
observation
cbverse
ocbservation window
on center
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MiL-STD-12C
% JUNE 1960

ABSREVIATION nm ABBREVIATION TERM

“....C.Oil' mdm

D .veouees. fleld dynamic braking

1 cvcveees. forced-draft blower

(XXX N XN NY m

¢ coenesess fire-department
connection

fde ......... field decelerator
fluid flow

m (XX XN X XX m”w'm“

MY ceoeeee.s fire hydrant
fic ceceeoe.. frequency interference =

Lontzo)
figure v
fillet -
fillister
fil ..cccve.. fuel injection line R
filh ........ fillister head
fil......... filling
fip ceevee... fuel injection pump
fir cocecenee fired
fir.....onns fuel indicator reading
fir .o.eoc0e. full indicator reading
fk cccocce.. fork
fid ceeveess. forked
fl..ccccvee.. flashing
fl cieevenes. flat
fl.ccievease. flood (vent)
fl ceoeceessa floor
fl ccievevee. floor line

a3

33850

3

8 coeeeeoe. field discharge

fdm ........ frequency division
multiplex

h...'..l.. mm

“o-cooo-'. mmmm

fdpl ........ fluid pressure line

fdr ..c.oo00. foeder

m.'....... nmr

m.....'.'t n"m

$4ry cccoeoo. foundry

fdw ........ feed water

fdwl ........ fiberboard, double wall

fob ......... functional electronic
block

Pod ........ Federal

F
-EEEEERE o

g
e
|
2

felr ........ fealer fluid
foIr ceccoee. feeler flush
fom ........ female flute lead

fer ......... forward engine room
fer con ..... ferrule-contact

FET ....... field-effect transistor
fext ........ fire extinguisher

file finish

fire fighting
fl ceereeees. following
u (A X RN N RR NN mn.u
ffar ........ folding fin aircraft

rocket

fic cecovuee. flip flop complementary
1d ......... field forcing (decreasing) fig cecocee.. llange
fn essosvene nmm‘“(’ur’”w) n‘ sese0vces m""
ﬂll.....n. fist fillister head FLGSTF ﬂm essccne nl‘ltlﬂ
eesecccse. formale flared FLGSTN figsta....... flagstone
eesssece. field failure FLR final limit, hoist
cossecees flip flop latch FLH flat head
seccseses front focal length FLHLS flashless
fgccccecss.. filament ground FLIDEN Qlight data entry
"..-o‘ou.-- ‘M 'Lm ﬂllk“
98 .coococe.. forged FLL fll ceoeee..s final limit, lower
FLL fll ccoveeses flow ling
.....ll..‘l n“ nm A A XN NN Y] nm
u‘-....... n’.’mm nn n»........ nm
P ..occ.... fractional horsepower FLMPRF fimprf...... flameproof
Bp..c0000.. friction horsepower FLMPRS fimprs ..... film processing
Br.coosoe.. fire-hose rack FLMSD fimed....... film sound

focal length

flash welding

fid covneeese fledd

fldg «....... folding

fidk ........ flight deck

fldng ....... flooding

fd0 cseee... final limit, down
“ sevsvers w‘m

flea ........ flux logic element array
M LA E R L NN Y nmbh

fleX cocennss flexure
fifeccenceees final limit, forward

g

ggg;g;ggg;;gga:a:::aa:ag;;
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